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Résumé : 
 
The main problematic caused to industry is premature wear of the tool having a direct impact on the 
production cost. The effect of post-oxidizing treatment on the characteristics of modified surface 
layers produced by salt bath nitrocarburizing. Tool steel being the purpose of our study is a blade of 
an industrial steel AISI 02 type. Nitrocaburizing treatment is performed for 6 h and 8 h at 570°C and 
post-oxydation treatment for 30, 60 and 90 min at 520°C, using argon-steam mixture. Formed layers 
are characterized by their basic properties such as thickness layer, depth, surface hardness and wear 
resistance. Important improvement in wear, microhardness and corrosion resistance occur after these 
treatments. The analysis and characterizing are carried out using physical analysis[optical 
microscopy, scanning electron microscopy, X-ray diffraction and glow discharge optical emission 
spectroscopy (GDOES) techniques]and mechanical measurements(microhardness, weight loss and 
residual stresses) of treated material 
 
Mots clefs : Nitrocaburizing, post-oxidizing, Hardness, wear, 
 
1 Introduction 
 
The major contribution of this study is concerned in reducing bath damage and premature wear of 
industrial steel blades intended for tough polymer crushing.[1]  Environment aggressiveness and severe 
cutting conditions with an operating temperature close to 250°C introduce an early tool damage 
resulting primarily in a chipping of the tool’s cutting edge. They are complex iron-base alloys of 
carbon, chromium, vanadium, molybdenum or tungsten, or combinations thereof. The carbon and 
alloy contents are balanced at levels to give high attainable hardening response, high wear resistance, 
high resistance to the softening effect of heat and good toughness for effective use in industrial cutting 
operations. However, a number of different mechanisms act to reduce the lifetime of such tools. 
Among treatment approaches, ferritic nitrocarburizing (FNC) in salt bath is a thermochemical process 
used to diffuse nitrogen and carbon into steel open surfaces. Most of previous studies on 
nitrocarburized treatments were performed in order to obtain a relatively thick and hard nitrided layer, 
with a primary focus on achieving better tribological properties of alloyed steel tools. In this context, 
nitrocarburizing in salt bath (FNC) presents advantages on gaseous[2]  and plasma treatments[3]; i.e. a 
shorter processing time, a lower cost and unlimited specimen size. The choise of salt bath 
nitrocarburizing known as (FNC) or Tenifer process is also justified by the importance of the diffusion 
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speed nitrogen atoms into the surface. The (570–580) ◦C required temperature for this process 
contributes to the back temper of the core properties. Nitrogen, while diffusing through the surface, 
reacts with iron to form a relatively hard compound layer. The latter is of a thickness varying between 
0 and 20 µm and is made of two phases which are ε-Fe2−3 (N, C) and γ-Fe4 (N, C). According to the 
ternary system Fe-N-C, the carbon contained in the original steel (0.89%) will tend to produce more ε-
nitride, which shows a large spreading. Besides mechanical characteristics, corrosion resistance is of 
vital importance for tool surface functionality. Although, a few studies have investigated the aqueous 
corrosion behaviour of AISI 02 tool steels that have been treated by nitrocarburizing and oxidizing. 
Surface oxidation remains an economical approach to reduce blade failures. Indeed, during oxidation 
of the compound layer, a superficial Fe3O4 or Fe2O3 phase or a combined layer of approximately 0.5–
3.5 mm thick may be formed. Fe3O4 contributes also to covering the pores which are located in the 
compound layer. This will indeed achieve a lower friction coefficient and will, as a consequence, 
strengthen wear resistance. In previous works, heat treatments such as quenching and tempering were 
considered in order to improve both hardness and lifetime of such steel.[4]  Additionally, 
thermochemical treatments such as nitrocarburizing in salt bath for 6 h have been successfully 
introduced to improve the surface characteristics.[5]  In the present research, an investigation is carried 
out in order to provide improvements of corrosion, wear and strength resistance. Results of surface 
modifications after using salt bath nitrocarburizing for 6 hand8 hat 570 ◦C and subsequently steam-
oxidizing processes for 30, 60 and 90 min at 520 ◦C are reported. The observed thickness of the layers 
for various treatments and their effect on various properties are considered. A detailed phase 
characterization is under taken mainly by optical microscopy, scanning electron microscopy (SEM), 
X-rays diffraction (XRD) and glow discharge optical electron spectroscopy (GDOES) techniques. The 
micro hardness depth profiling and the weight loss results were mutually compared. 
 
2 Material and Experimental Procedure 
 
The material considered in this study is identified by EDX (Energy Disperive X-ray Diffraction 
Spectroscopy) to be close to AISI 02 tool steel. However, it presents slight difference with standard 
element contents as shown in Table 1. In table 2 is presented sample designation.  
 
Table 1. Chemical composition of studied steel and AISI 02 tool steel (w.t %) 
 C Mn Si P S Cu Al Ni Cr Mo V W 
Studied  
tool steel 
0,890 1,190 0,190 0,022 0,016 0,106 0,023 0,094 0,516 0,040 0,078 0,371 
AISI 02  
tool steel 
0.85–0.95 1.40–1.80 0.25 0.03 0.03 0.25 - 0.30 0.35 0.30 0.1 - 
 
the specimens were nitrocarburized using a salt bath industrial process (Tenifer) and oxidized in 
argon–water vapour mixtures, using the apparatus shown in Fig.1. A tempered martensitic 
microstructure was obtained by austenitizing at 790 ◦C for 15 min, quenching in oil, and then, 
tempering at 600 ◦ for 50 min. Then, the specimens were nitrocarburized using a salt bath industrial 
process (Tenifer) and, oxidized in argon–water vapour mixtures. The experimental plan for all 
treatments is presented as follows: 
 Thermal treatments                                                          
Annealing: T = 760°C/1h/furnace cooling                              
Quenching: T = 790°C/15 min/oil cooling                                  
Tempering: T = 600°C/50 min/air cooling                            
 Nitrocarburized 
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Process: Tenifer, Salt bath components: Cyanides, N2 contribution: Cyanates, 
T = 570°C/(6 and 8) h/Oil cooling 
 Oxidizing 
Water vapour + argon/vacuum furnace, T = 520 ◦C/30, 60, 90 min/50°C/water cooling. 
Prior to observations, sample surfaces were mechanically ground using 800 and 1000 grit silicon 
carbide paper and subsequently polished using 3 and 1 µm diamond pastes. After ultrasonic cleaning 
in ethanol, they were etched in a 3% Nital solution at ambient temperature. 
 
Table 2. sample designation 
Sample disignation treatment 
O60 Oxidized for 60 min 
090 Oxidized for 90 min 
NT Untreated 
N6 Nitrocarburized for 6 h 
N8 Nitrocarburized for 8 h 
N6O30 Nitrocarburized for 6 h and oxidized for 30 min 
N6O60 Nitrocarburizing Nitrocarburized for 6 h and oxidized for 60 min 
N6O90 Nitrocarburized for 6 h and oxidized for 90 min 
N8O30 Nitrocarburized for 8 h and oxidized for 30 min 
N8O60 Nitrocarburized for 8 h and oxidized for 60 min 
N8O90 Nitrocarburized for 8 h and oxidized for 90 min 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic representation of oxidizing device. 
 
Thickness changes during the treatments and stoichiometry, favour the use of the technique of 
GDOES. The spectrometer JY 50 GDS was used to determine the elemental distribution curves, 
expressed in terms of sputtering time versus intensity. Hardness distribution profile of the resulting 
layers was established with the help of a micro hardness tester (kOMO uOST 7865–56) with a load of 
50 g for a time of 15 s. Abrasive wear tests were conducted by means of a pin-on disc setup[5,6]  and 
the pin-shaped specimens were forced to slide on fresh 800-mesh abrasive paper with an applied 
normal load of 2 N. The paper was fitted on a steel disc rotating at a speed of 14 cycles/min. This low 
angular speed is adjusted in order to establish the relative wear behaviour of the different phases at the 
immediate surface layers. After a certain sliding distance, the specimens were removed and 
completely rinsed. An analytical microbalance accurate to 10−3 g is used to measure weight changes 
and then to determine wear rates. 
 
1. Argon sampling valve;  
2. Three-way control valve;  
3. Argon stream;   
4. Liquid water reservoir at 100 ◦C;  
5. Thermal resistance;  
6. Mixture of argon and steam flow;  
7. Work piece;  
8. Reaction chamber kept at 520 ◦C;  
22ème Congrès Français de Mécanique                                               Lyon, 24 au 28 Août 2015 
 
2 Results and Discussion 
2.1 Microstructure and diffusion mechanism  
 
A typical microstructure of nitrocarburized N8 sample is shown in Fig. 2. From the SEM cross-section 
micrograph (Fig. 2(a)), pores are clearly visible. Porosity is a common feature in nitrocarburizing and 
is attributed to the interstitially dissolved nitrogen atoms combining to form molecular nitrogen at 
energetically favourable sites such as reported by Slycke et al.[7]   A typical morphology of layers 
formed in combined treatment nitrocarburizing in salt bath for 6 h and post-oxidizing for 30 min and 
90 min by means of steam, respectively for N6O30 and N6O90 samples, is shown in Fig. 3(a) and (b). 
microhardness profiles (Fig. 4) determine diffusion layer thicknesses, which are not revealed by nital 
etching. Compound layer 8–12.50 µm in thickness is composed of α- Fe3N and γ-Fe4N phases as it can 
be ascertained from the X-ray diffraction patterns (Fig. 5). 
 
 
 
 
 
 
 
 
 
Figure 2. Scanning electron micrographs of N8 sample after 
nitrocarburizing in salt bath process,  (a) cross-section of the compound layer; 
(b) diffusion zone-compound layer interface. 
 
 
 
 
 
 
 
 
 
Figure 3. Cross-sectional optical micrographs showing oxidizing time 
effect on the thickness of themodified layers after combined treatments in samples: 
(a) N6O30 and (b) N6O90. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Microhardness test, (a) Indentation   
depth profile for N6O30sample, (b) Hardness  
profile as a function of depth. 
Figure 5. XRD patterns  (a) Oxidized  
at 30 min; (b) Oxidized at 90min. 
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On top of the compound layer of N8O30 (Fig. 6) and N8O90 samples (Fig.7), the grey oxide layer is 
clearly visible. It is noticed that the boundary between oxide and nitride is well structured indicating a 
very good adhesion of the oxide on nitrocarburized steel. Most undertaken studies in this way, taking 
into consideration plasma nitrocarburizing, always leads to the formation of a more porous oxide layer 
since it utilizes oxygen.[8] The GDOES technique leads to qualitative results. It remains sufficient for 
determining the elemental distribution curves. Figure 8 displays the evolution profiles of iron, 
nitrogen, carbon, chromium and oxygen in transversal cross-section of oxidized 
nitrocarburized/postoxidized samples. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. the morphology of the compound  
layer and oxide film after nitrocarburizing and  
post oxidation treatments  of N8O30 sample. 
 
 
 
2.1 Microhardness and wear mechanisms 
 
Vickers indentations are performed on polished cross-sections. The indentations were made along the 
modified layer, according to the procedure shown in Fig. 4(a). The micro hardness is characterized by 
a decreasing gradient from the surface towards the core, which is associated with a change in carbon 
concentration (Fig. 8). The average values of the corresponding micro hardness of treated samples are 
given in Table 3. Improvement of wear resistance may also be attributed to the higher ε-phase nitrogen 
content in conjunction with the higher hardness of such surfaces. However, the global wear resistance 
depends mainly, on the diffusion layer hardness whereas the nature of the compound layer intervenes 
little because of its relatively lower thickness. It has been reported that the wear resistance can be 
further improved by oxidation treatment of the nitrocarburized layer. [9] the tribological behaviour of 
the oxidation-treated nitrocarburized steels, relatively little systematic work has been conducted, 
although there have been positive claims for wear resistance improvement, ameliorated friction 
behaviour and a better lubrication performance which arise from the oxide film contribution. Figure 9 
presents wear evolution expressed as weight loss versus sliding distance. It is observed that the curves 
have the same increasing trends. 
 
Table 3. Average micro hardness, global weight loss and global 
Wear rate results of various samples. 
Samples N6O30 N6O90 N8O90 N6 N8 
Average hardness, (HV0.05) 813 800 817 814 0 
Global weight loss, (10−3 g)  23 24 23 26 – 
Global wear rate, (10−4 g.m−1) 11.41 16.13 19.68 18.08 – 
 
 
 
 
Figure 7. (a)morphologyof the compound layer and 
oxide film after the nitrocarburizing and post-
oxidation treatments; (b) X-ray backscatter and (c) X-
ray secondary of N8O90 sample. 
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Figure8.GDOES-element distribution profiles 
of cross-section of N6O30 samples. 
 
Conclusion 
 
Nitrocarburizing in salt bath process produces a compound layer composed predominantly of ε-
phase for an optimizing time of 6 h on the surface of industrial AISI 02 tool steel type. a higher time 
(8 h) leads to formation of a dual phase composed of both phases ε-Fe3 (N,C) and γ -Fe4 (N,C). 
Post-oxidizing treatment reduces compound layer thickness and changes themorphology of the iron 
nitride formed during nitrocarburizing treatment. 
The samples with combined treatments show an increase in surface hardness compared with those 
only nitrocarburized. Although the magnetite hardness is low in oxidized samples, higher hardness 
values are measured on the compound layer as the pores are filled with magnetite. 
If the adhesion and the stability of the oxide layer formed are questionable during tool service, the 
wear and corrosion resistance will be nevertheless improved thanks to the replenishment of the pores 
formed by post oxidation process.  
In summary, it clearly appears from these investigations that the thermo chemical modifications, 
according to theTenifer procedure and steam post-oxidizing treatment, are of great interest for 
improving the mechanical properties, and for protection of tool steels from aggressive environments. 
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Figure 9. Weight losses results for 
investigated samples: N6, N6O30, 
N6O90 and N8O90. 
 
